The impact of stress on cutaneous wound healing was assessed in a murine model. Female, hairless SKH-1 mice, 6-8 weeks of age were subjected to restraint stress (RST) 3 days before and for 5 days following dorsal application of a 3.5-mm sterile punch wound. Control mice were wounded, but not restrained. Using photography and image analysis, the rate of wound healing was compared between the two groups. Wounds on control mice healed on average 3.10 days sooner than RST-treated mice. In addition, cross-sectional, morphometric analysis of the dermal and epidermal layers revealed reduced inflammation surrounding wounds from RST mice at 1, 3, and 5 days after wounding. In the RST group, serum corticosterone levels averaged 162.5 ng/ml compared to 35.7 ng/ml in the controls. Treatment of RST-stressed animals with the glucocorticoid receptor antagonist RU40555 resulted in healing rates comparable to those of control animals. Thus, the reduction in inflammation and delayed healing correlated with serum corticosterone levels and suggest that disruption of neuroendocrine homeostasis modulates wound healing.
INTRODUCTION
In recent years considerable advances have been made in understanding the biochemical and physiological processes involved in cutaneous wound healing. Efficient healing is of great advantage, as it reduces a wound's surface and limits bleeding and exposure to microorganisms. Upon injury, a complex set of relatively sequential events is set into motion which leads to repair of the wound (Clark, 1991; Thomas, O'Neil , Harding, & Shepherd, 1995; Martin, 1997) In healthy individuals, healing normally progresses through three general stages: (a) an inflammatory stage involving platelet aggregation, blood coagulation, and migration of inflammatory cells to the wound; (b) a proliferative phase, involving migration and proliferation of keratinocytes, fibroblasts, and endothelial cells which leads to re-epithelialization and granulation tissue formation; and (c) a long remodeling phase. There is quite a bit of overlap between these stages, with the latter stages being strongly dependent upon the earlier events of the healing process (Hubner, Brauchle, Smola, Madlener, Fassler, & Werner, 1996) . As such, it has become apparent that these stages do not occur randomly after wounding but instead occur in a highly regulated manner which is relatively reproducible from wound to wound.
Disruption of this regulated process can impact healing and have deleterious health consequences. For example, chronically stressed human subjects (Alzheimer's caregivers) who have comparatively low inflammatory responses showed a delay in healing compared to age-matched control patients (Kiecolt-Glaser, Marucha, Malarkey, Mercado, & Glaser, 1995) . Implicated in this delay in healing were physiological changes associated with chronic stress which disrupts the normal physiologic equilibrium and activates the hypothalamic-pituitary-adrenal axis (HPA). Among the products of the HPA axis are glucocorticosteroid (GC) hormones which have been shown
